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Description 

[CIRCUIT AND METHOD FOR PULSE 
WIDTH MODULATION ] 

Cross Reference to Related Applications 

[0001] This application claims the priority benefit of Taiwan ap- 
plication serial no. 93103702, filed February 17, 2004. 
Background of Invention 

[0002] Field of the Invention 

[0003] jhe present invention relates to a circuit and a method for 
performing pulse width modulation, and more particu- 
larly, to a circuit and a method for performing pulse width 
modulation capable of improving the audio quality of 
pulse width modulation and the Electro-Magnetic Interfer- 
ence (EMI) phenomenon. 

[0004] Description of Related Art 

[0005] Pulse width modulation (PWM) is a modulation technique 
most commonly used in the digital circuit for processing 
audio signals. The so-called PWM technique adjusts a 



pulse width of the output audio signal by referring to an 
operating clock cycle that represents a PWM service rate 
and according to a value of the digitized audio data when 
generating the audio signal. 
[0006] FIG. 1 is a schematic diagram of performing pulse width 
modulation on an audio data with 10 bits resolution. As 
shown in the diagram, Tl is an operating clock cycle that 
represents the pulse width modulation service rate, T2 is a 
frame cycle for PWM, and T3 is a sampling cycle of the au- 
dio signal. Since the most significant bit (MSB) of the au- 
dio data is commonly used to represent a signed value of 
the data, the maximum pulse width for transmitting a 
record of audio data (wherein, its frequency is generally 
referred as a frame rate for PWM), that is the frame cycle 
T2 is 2A9 times of Tl, i.e. T2 = 512 x Tl. The pulse width 
for physically transmitting data depends on the value of 
data to be transmitted. For example, if the value of data to 
be transmitted is 128, the duty cycle of the pulse in a 
frame is 128/512, and if the value of data to be transmit- 
ted is 100, the duty cycle of the pulse in a frame is 
100/512. 

[0007] | n addition, in order to improve the quality of transmitting 
the audio signal, the pulse for each record of audio data 



are continuously transmitted with a plurality of frames. 
Therefore, the sampling cycle T3 of the audio signal is in- 
tegral of the frame cycle T2. Accordingly, the frequency of 
the operating clock for providing the PWM service rate is 
directly proportional to the sampling rate of the audio 
signal, the PWM frame rate, and the resolution of the au- 
dio data. For example, if the sampling rate of the audio 
signal is 12 KHz, the resolution of the audio signal is 10 
bits (including a symbol representing a signed value), and 
the pulse for each record of the audio data are continu- 
ously transmitted with 4 frames, i.e. when the PWM frame 
rate is 12 KHz x 4 = 48 KHz, the frequency of the operat- 
ing clock is 48 KHz x 512 = 24 MHz. Therefore, the fre- 
quency of the operating clock increases along with the 
improvement of the audio quality, i.e. the increase of the 
audio data resolution. As a result, the EMI phenomenon is 

getting worse in such case. 
Summary of Invention 

[0008] Therefore, the present invention is directed to a circuit 

and a method of performing pulse width modulation. The 
circuit and method according to an embodiment of the 
present invention, are capable of improving the audio 
quality of pulse width modulation without having to in- 



crease the operating clock frequency; capable of reducing 
the operating clock frequency under the condition of pro- 
viding the same PWM audio quality so as to improve the 
EMI phenomenon; and capable of providing more choices 
of sampling rate under the condition of providing the 
same audio quality and the same operating clock fre- 
quency. 

[0009] | n accordance with the above embodiment, a circuit for 
performing pulse width modulation is provided by the 
present invention. The circuit is adapted for generating a 
PWM signal according to an input data with M + N bits. The 
pulse width of the PWM signal dither in 2an frames and 
correspond to the value of the input data. The PWM circuit 
comprises a pulse density modulator (PDM), a first adder 
and a pulse width modulator. 

[0010] wherein, the PDM receives the least N bits of the input 

data and generates a pulse density modulation signal, and 
the number of pulse of the pulse density modulation sig- 
nal in 2 A N frames is correspond to the value of the least N 
bits of the input data. The first adder electrically couples 
to the PDM and generates a PWM data by adding the value 
of the most M bits of the input data to the value of the 
pulse density modulation signal generated by the PDM. 



The pulse width modulator electrically couples to the first 
adder and generates a PWM signal dithering in 2AN 
frames according to the PWM data output from the first 
adder. 

[0011] | n an embodiment of the present invention, the PDM in 
the PWM circuit comprises a latch and a second adder. 
Wherein, the second adder electrically couples to the latch 
and generates a carry and a summation by adding the 
value of the least N bits of the input data mentioned 
above to the output of the latch, makes the output carry 
as the pulse density modulation signal mentioned above, 
and updates the latch with the calculated summation 
when converting the frame. 

[0012] | n an embodiment of the present invention, before the 

value of the most M bits of the input data is added to the 
value of the pulse density modulation signal by the first 
adder of the PWM circuit, the M bits input data is sign- 
extended to an input data with at least M+l bits, so as to 
generate a PWM data with at least M+l bits. 

[0013] in an embodiment of the present invention, the PWM sig- 
nal of the PWM circuit comprises a positive PWM signal 
and a negative PWM signal. In addition, the pulse width 
modulator of the PWM circuit comprises a latch, an abso- 



lute value calculator formed by an XOR gate, for example, 
a counter, a comparator and a PWM output switch. 
Wherein, the latch electrically couples to the first adder 
and updates the latch value with the PWM data when con- 
verting the frame. The absolute value calculator electri- 
cally couples to the latch and generates an absolute value 
of the PWM data output from the latch. The counter gen- 
erates a counting value according to an operating clock. 
The comparator electrically couples to the counter and the 
absolute value calculator, and generates a comparison 
signal by comparing the absolute value of the PWM data 
with the counting value. The PWM output switch electri- 
cally couples to the latch and the comparator, and 
switches the comparison signal to either the positive PWM 
signal or the negative PWM signal according to the signed 
bit of the PWM data output from the latch. 
[0014] The present invention is also directed to a method of per- 
forming pulse width modulation. The method generates a 
PWM signal according to an input data with M + N bits. The 
pulse width dither in 2AN frames and correspond to the 
value of the input data. The method of performing pulse 
width modulation comprises the following steps: receiving 
the least N bits of the input data, and generating a pulse 



density modulation signal, wherein the number of the 
pulse of the pulse density modulation signal in 2AN 
frames correspond to the value of the least N bits of the 
input data; generating a PWM data by adding the value of 
the most M bits of the input data to the value of the pulse 
density modulation signal; and generating a PWM signal 
dithering in 2AN frames according to the PWM data. 

[0015] wherein, before adding the value of the most M bits of the 
input data to the value of the pulse density modulation 
signal, the M bits input data is sign-extended to an input 
data with at least M+l bits, so as to generate a PWM data 
with at least M + l bits. 

[0016] wherein, the PWM signal comprises a positive PWM signal 
and a negative PWM signal. In addition, the step of gener- 
ating a dithering PWM signal comprises following steps: 
calculating an absolute value of the PWM data; generating 
a counting value according to an operating clock; gener- 
ating a comparison signal by comparing the absolute 
value of the PWM data with the counting value; and 
switching the comparison signal to either the positive 
PWM signal or the negative PWM signal according to the 
signed bit of the PWM data. 

[° 017 ] In summary, the present invention has at least the follow- 



ing advantages. 

[0018] i, | n the present invention, the dithering PWM signal is 
generated by only feeding the most M bits of the M+N 
bits input data into the pulse width modulator, and by 
only feeding the least N bits of the input data into the 
PDM. Therefore, compared with the conventional M bits 
pulse width modulator, the present invention can improve 
the PWM audio quality without having to increase the op- 
erating clock frequency. 

[0019] 2. Under the condition of providing the same PWM audio 
quality, for example, if the input data is I bits, only the 
most l-N bits of the input data is fed into the pulse width 
modulator, and the least N bits of the input data is fed 
into the PDM to generate the dithering PWM data. Since 
fewer bits are fed into the pulse width modulator, the op- 
erating clock frequency is reduced and the EMI phe- 
nomenon is improved. 

[0020] For example: assuming the operating frequency for a 10 
bits pulse width modulator is 24 MHz, thus its frame fre- 
quency is 48 KHz (24 MHz/2A9). With such method, under 
the condition of N=2 and the same 10 bits audio quality 
and frame frequency, its operating frequency is only 6 
MHz, since the frame frequency for a physically used 8 



bits pulse width modulator is 48 KHz. The 6 MHz operat- 
ing frequency effectively reduces its operating frequency 
and improves the EMI phenomenon. 
[0021] 3. Since fewer bits are fed into the pulse width modulator, 
the maximum pulse width required by the pulse width 
modulator is also reduced. Therefore, under the condition 
of providing the same operating clock frequency, the 

present invention provides more choices of sampling rate. 
Brief Description of Drawings 

[0022] The accompanying drawings are included to provide a 

further understanding of the invention, and are incorpo- 
rated in and constitute a part of this specification. The 
drawings illustrate embodiments of the invention, and to- 
gether with the description, serve to explain the principles 
of the invention. 

[0023] FIG. 1 is a schematic diagram of performing pulse width 
modulation on an audio data with 10 bits resolution. 

[0024] FIG. 2 is a schematic block diagram of a PWM circuit ac- 
cording to an embodiment of the present invention. 

[0025] FIG. 3 is a schematic comparison diagram of a case using 
MATLAB to simulate a 10 bits conventional circuit and a 
case using MATLAB to simulate a circuit provided by an 
embodiment of the present invention. 



[0026] FIG. 4 is a magnified diagram of the 0~2K Hz portion of 

the frequency range shown in FIG. 3. 
Detailed Description 



[0027] FIG. 2 is a schematic block diagram of a PWM circuit ac- 
cording to a preferred embodiment of the present inven- 
tion. The pulse width modulator is suitable for generating 
a PWM signal according to an input data with M + N bits. 
The pulse width of the PWM signal dither in 2AN frames 
and correspond to the value of the input data. Wherein, 
since the input data D[M:N] has a signed value, i.e. the 
D[M] bit is a signed bit, the generated PWM signal com- 
prises a positive PWM signal PWMP and a negative PWM 
signal PWMN. 

[0028] | n fig. 2, in the case of M=10, N=2, if the input data 

D[11:0] is "00,1000,0000,01", i.e. if the pulse width of the 
positive PWM signal PWMP to be transmitted is 128.25 op- 
erating clock cycles, a positive PWM signal PWMP with 128 
operating clock cycles are transmitted in each of the 1 st ~ 

rd 

3 frame, and a positive PWM signal PWMP with 129 op- 

th 

erating clock cycles are transmitted in the 4 frame. Ac- 
cordingly, the average pulse width of the positive PWM 
signal PWMP is 128.25 operating clock cycles. Its opera- 
tion principle is described in detail hereinafter. 



[0029] As shown in FIG. 2, the PWM circuit comprises a PDM 

(Pulse Density Modulator) 210, an adder 220, and a pulse 
width modulator 230. Wherein, the PDM 210 comprises a 
latch 212 and an adder 211. The pulse width modulator 
230 comprises a latch 231, an absolute value calculator 
232 that is formed by an XOR gate for example, a counter 
234, a comparator 233, and a PWM output switch 235. 

[0030] In FIG. 2, the PDM 210 receives the least 2 bits of the in- 
put data D[1:0], and generates a pulse density modulation 
signal PDM . The pulse number of the pulse density mod- 
ulation signal PDM in 4 frames correspond to the value of 
the input data D[1:0]. For example, in the case that D[0:1] 
in the previous case is "01". In the 1 st frame, the summa- 
tion generated by the adder 211 is "01", since there is no 
carry, the pulse density modulation signal PDM is "0", and 
meanwhile the value of "01" is saved in the latch 212. In 
the 2 nd frame, the summation generated by the adder 211 
is "01"+"01"="10", since there is no carry, the pulse den- 
sity modulation signal PDM is "0", and meanwhile the 

rd 

value of "10" is saved in the latch 212. In the 3 frame, 
the summation generated by the adder 211 is 
"01"+"10"="11", since there is no carry, the pulse density 
modulation signal PDM is "0", and meanwhile the value of 



"11" is saved in the latch 212. In the 4 frame, the sum- 
mation generated by the adder 211 is "01"+"11"="100", 
since there is a carry, the pulse density modulation signal 

th 

PDM is "1" due to the carry, thus in the 4 frame, the 
value of "1" is propagated to the adder 220, such that the 
output of the adder 220 becomes 
"00,1000,0000"+"1"="00,1000,0001", that is the PWM 
data with a value of 129 propagated to the pulse width 
modulator 230. Therefore, the pulse width modulator 230 
respectively generates the positive PWM signal PWMP 
whose pulse width is 128, 128, 128, and 129 operating 
clock cycles and is dithering in 4 frames according to the 
PWM data generated by the adder 220. 
[0031] | n the present embodiment, since the input data D[11:0] 
has a signed value, and D[ll] is a signed bit, if the input 
data D[ll:2] fed into the adder 220 is "01,1111,1111" 
and the pulse density modulation signal PDM generated 
by the adder 211 is "1", the output of the adder 220 is 
"10,0000,0000", in such case the signed value of the PWM 
data fed into the latch 231 is not correct. In order to solve 
this problem, in the present embodiment, before the input 
data D[ll:2] is added to the value of the pulse density 
modulation signal PDM by the adder 220, the input data 



D[ll:2] is sign extended to an input data with at least 11 
bits, so as to generate a PWM data with at least 11 bits. 
For example, in the case where the input data D[ll:2] fed 
into the adder 220 in the previous case is "01,1111,1111" 
and the pulse density modulation signal PDM generated 
by the adder 211 is "1", the input data D[ll:2] is sign ex- 
tended to D[12:2]="001, 1111, 1111" by the adder 220 
first, and its summation is "010,0000,0000", such that the 
correctness of the signed bit is not impacted. 
[0032] Referring to FIG. 2 again, the counter 234 in the diagram 
generates a counting value according to an operating 
clock. Wherein, the operating clock is a reference clock 
representing a PWM service rate. Besides generating the 
counting value, the counter 234 also generates a frame 
conversion signal, which is then propagated to the latches 
212 and 213, so as the latches 212 and 213 latch the 
output of the adders 211 and 220 respectively when con- 
verting the frame. Afterwards, the absolute value calcula- 
tor 232 calculates and generates an absolute value of the 
PWM data generated by the latch 231, and it is obtained 
by performing an XOR operation on the signed bit of the 
PWM data and other bits of the PWM data by using an XOR 
gate shown in the diagram. Then, the comparator 233 



generates a comparison signal that is then sent to the 
PWM output switch 235 by comparing the absolute value 
of the PWM data generated by the absolute value calcula- 
tor 232 and the counting value generated by the counter 
234. Finally, the PWM output switch 235 switches the 
comparison signal to either the positive PWM signal PWMP 
or the negative PWM signal PWMN according to the signed 
bit of the PWM data generated by the latch 231. 
[0033] | n summary, a method for performing pulse width modu- 
lation is concluded. The method is suitable for generating 
a PWM signal according to an input data with M + N bits. 
The pulse width of the PWM signal dither in 2AN frames 
and correspond to the value of the input data. The 
method for performing pulse width modulation comprises 
following steps: receiving the least N bits of the input 
data, and generating a pulse density modulation signal, 
wherein the number of the pulse of the pulse density 
modulation signal in 2AN frames is corresponded to the 
value of the least N bits of the input data; generating a 
PWM data by adding the value of the most M bits of the 
input data to the value of the pulse density modulation 
signal; and generating a PWM signal dithering in 2AN 
frames according to the PWM data. 



[0034] wherein, before adding the value of the most M bits of the 
input data to the value of the pulse density modulation 
signal, the M bits input data is sign extended to an input 
data with at least M+l bits, so as to generate a PWM data 
with at least M + l bits. 

[0035] wherein, the PWM signal comprises a positive PWM signal 
and a negative PWM signal. In addition, the step of gener- 
ating a dithering PWM signal comprises following steps: 
calculating an absolute value of the PWM data; generating 
a counting value according to an operating clock; gener- 
ating a comparison signal by comparing the absolute 
value of the PWM data with the counting value; and 
switching the comparison signal to either the positive 
PWM signal or the negative PWM signal according to the 
signed bit of the PWM data. 

[0036] Referring to both FIG. 3 and FIG. 4, FIG. 3 is a schematic 

comparison diagram of a case using MATLAB to simulate a 
10 bits conventional circuit and a case using MATLAB to 
simulate a circuit provided by the present invention. FIG. 4 
is a magnified diagram of the 0~2K Hz portion of the fre- 
quency range shown in FIG. 3. Wherein, the reference 
number 310 represents an output spectrum of the con- 
ventional circuit, and the reference number 320 repre- 



sents an output spectrum of the circuit provided by the 
present invention. As shown in FIG. 4, the strength of the 
output signal for both circuits are 140 dB, whereas the 
output noise level of the conventional circuit is 95 dB, and 
the output noise level of the circuit provided by the 
present invention is 65 dB. Therefore, the signal noise ra- 
tio (SNR) of the circuit provided by the present invention is 
140 dB 65 dB = 75 dB, and the signal noise ratio (SNR) of 
the conventional circuit is 140 dB 95 dB = 45 dB. Accord- 
ingly, compared with to the conventional circuit, the audio 
quality generated by the circuit provided by the present 
invention is obviously improved under the condition of the 
same PWM service rate. 
[0037] Although the invention has been described with reference 
to a particular embodiment thereof, it will be apparent to 
one of the ordinary skill in the art that modifications to 
the described embodiment may be made without depart- 
ing from the spirit of the invention. Accordingly, the scope 
of the invention will be defined by the attached claims not 
by the above detailed description. 



